Introduction
Luzhou-flavored liquor is a famous Chinese liquor that has attracted more attention in recent years. The manufacturing process is shown in Fig. S1A . Fermentation is carried out in a rectangular cellar (2 m × 3 m × 3 m) constructed from pit mud (PM). During fermentation, there are three indispensable phases; PM, huangshui (HS), and zaopei (ZP) (Fig. S1B ). PM provides a suitable habitat for the growth of brewing microbiota. ZP is fermented grain, and the major biochemical reactions take place in this phase [1] . Anaerobic microorganisms perched in PM are essential for fermentation, and transfer from PM to ZP during the fermentation process. As an essential saccharifying and fermentative agent, daqu is added to ZP periodically and plays an important role during the process. HS is a mixture of the liquid metabolites and free water. It filters to the bottom of the pit through ZP and contains a large amount of organic compounds and some microorganisms transferred from PM and ZP during the the liquor manufacturing process [2] . Together, PM, ZP, and HS form the entire fermentation system in the pits. During fermentation, mass, energy, and microorganisms are exchanged among the three phases. Shifts in the microbial community structure of the three phases greatly affect the quality and yield of the liquor, and thus improved knowledge of the microbiota in the three phases will contribute to improved liquor quality. Previous research has shown that symbiotic relationships between hydrogen-producing eubacteria and hydrogen-consuming methanogenic microbes are essential to maintaining the stability of niches and to forming the flavor constituents during the fermentation process [3] . However, the domestication of crucial microorganisms in the three phases for liquor fermentation is a very slow process under natural conditions. Therefore, artificial pit mud (APM) culture technology was developed to shorten the domestication time of newly constructed pits and to enhance the activity of the microbial community. In the last few decades, methanogens and caproic acid-producing bacteria were isolated from aged PM and were used as inocula to produce APM in light of the effect of interspecies hydrogen transfer on the quality and yield of raw liquor [4] . It was found that the diversity and dominant microbes varied with space and time, various eubacteria and methanogenic archaea contributed to hydrogen transfer [5] [6] [7] , and more than 99% of the microbes were unculturable [8] . Therefore, aged PM was used directly as a starter instead of the culture of isolates, recently. However, the application of this technique has been limited, as quantitative information on the microbial communities in the three phases and changes in those communities during the fermentation process are unknown, especially in regard to archaea.
Recently, many quantitative and qualitative approaches have been developed to characterize microbial communities, including phospholipid ether lipid (PLEL)/ phospholipid fatty acid (PLFA), fluorescence in situ hybridization (FISH), and PCR-denaturing gradient gel electrophoresis (PCR-DGGE). PLFAs are widely accepted as biomarkers to indicate biomass and to provide fingerprints of microbial communities in various complex ecosystems. Our previous study results suggested that PLFA analysis is an efficient way to characterize the biomass of non-archaeal microbiota in pits of various ages [3, 9] . Although archaea are classified according to differences in their 70S ribosomes, RNA polymerase, ribosomal RNA sequences, and metabolic pathways, one important distinction between eubacteria and archaea is the chemical structure of lipids composing the cytoplasmic membrane [10] . Profiles of the archaeal lipid core are significant in their own right even if they are not as diverse as those found in bacteria and eukaryotes. Isoprenoidyl di-and tetra-ether lipids are major biomarkers for archaea [11] . The contents and composition of these archaeal polar lipids, so-called PLELs, are characterized to analyze archaeal community structure in complex systems [12] . Stagnari et al. [13] investigated the microbial community in farm soil by combined PLFA and PCR-DGGE analysis. The biomass of the microbiota and the specific groups within the environment can be assessed rapidly by PLFA analysis, and identified to the genus level by PCR-DGGE. As a complementary method, FISH has been used to analyze the microbial diversity of marine sponges [14] . Eubacteria, archaea, and different orders of methanogenic archaea can be quantified by FISH. Nevertheless, some drawbacks of FISH, such as autofluorescence and nonspecific hybridization of probes, have hindered the application of this method. Polyphasic detection methods may overcome the shortages of each individual method, and provide more comprehensive and accurate information about the microbial community.
The objective of this study was to investigate the interphase microbial community diversity and their differences in the cellars of different ages to provide multidimensional understanding of the microbial community structure in the pits. To the best of our knowledge, this is the first report to assess the differences and shifts in the interphase microbial community in liquor fermentation pits quantitatively and qualitatively using polyphasic technologies. In addition, the archaeal community structure in the three phases of Luzhou-flavored liquor manufacturing pits was revealed quantitatively by PLEL and FISH for the first time.
Materials and Methods

Sampling
The PM, ZP, and HS of a new pit, a 5-year pit, and a 20-year pit from cellar groups (Xufu Liquor Ltd. Co., China) were sampled. Samples from each phase in the three pits are abbreviated as new PM, new ZP, new HS, 5-PM, 5-ZP, 5-HS, 20-PM, 20-ZP, and 20-HS. Sampling was performed according to the previously published stratified random method [3] . All samples obtained were mixed well, transferred to sterile polyethylene bags, and stored at -20 o C until analysis. For HS samples, approximately 100 ml of liquid was collected from the bottom of each pit and poured into sterile glass bottles, and then sealed and stored at 4 o C until analysis.
Pretreatment of Sample
The solid samples were pretreated prior to examination. Each sample was weighed and 5 g was suspended in 30 ml of phosphate-buffered saline (10 mM, pH 7.2). After mixing, the mixture was centrifuged (800 ×g, 4 o C) for 10 min, and the precipitates were washed three times with the same buffer, and then the supernatants were pooled and centrifuged again (12, 
Quantification of Microbial Community Based on FISH
The samples were pretreated as described above, and then FISH analysis was carried out based on a previously published method [15] . Fluorescently labelled oligo-probes were synthesized as described previously [16] . All oligonucleotide probes used in this study are listed in Table S1 [15, 17] and were synthesized with the dye Cy3 at the 5' end by Sangon (China).
Quantitative Analysis of Microbial Community Based on Phospho (Polar) Lipid Analysis
Phospholipid extraction from various samples was performed using the procedure described by Bligh and Dyer [18] and Frostegård et al. [19] . PLFA analysis was conducted to analyze the bacterial and fungal biomass, whereas PLEL analysis was conducted to analyze the archaeal biomass. Both of these methods were performed according to ISO/TS 29843-1: 2010 criteria [20] .
Characterization of the Microbial Community Based on PCR-DGGE Analysis
Whole genomic DNA was extracted according to methods by Zhou et al. [21] . A nested PCR was employed, and all PCR primers used in this study were derived from a previous study [22] . Before DGGE analysis, PCR products were examined by electrophoresis on 1% agarose gels. The DCode Universal Mutation Detection System (Bio-Rad, USA) was used for sequence-specific separation of PCR-amplified fragments, and DGGE was performed according to previously reported protocols [16] . Representative bands observed on the DGGE profiles were excised, eluted at 4 o C in ultrapure water, and then re-amplified. PCR products were purified with a universal PCR purification kit (Tiangen, China ) and sent to a commercial sequencing company for cloning and sequencing (Sangon, China).The sequences were then compared with 16S rRNA gene sequences available in the GenBank BLAST (http://www.nicbi.nlm.nih.gov/ BLAST) and RDP CLASSIIFIER (http://rdp.cme.msu.edu/index.jsp) to identify their closest phylogenetic relatives.
The unique sequences obtained from this study were deposited in GenBank with the following accession numbers: KP012258-KP012288 (the 16S rRNA V3 region sequences of eubacteria), KP012289-KP012312 (the 16S rRNA V3 region sequences of archaea), and KP012313-KP012332 (the 23S rRNA D1 region sequences of fungi).
Data Analysis
All assays were conducted in triplicates, and the results were expressed as the mean ± standard deviations. Analysis of variance was used to test the significance of each assay. Results were considered to be statistically significant at p < 0.05. Community diversity was determined using Quantity One Software, which was used to covert individual DGGE lanes to densitometric profiles. The Simpson dominance index (D), species richness (S), evenness index (J), and Shannon-Wiener index (H) were determined based on the number and relative intensities (RIs) of bands, and were calculated using ZZSTAT V2010.
Results
Quantitative Analysis of Microbial Community Based on FISH DAPI and six specific oligonucleotide probes were used to examine microbes in various samples. As shown in Fig. 1 , the quantities of microbes detected by DAPI were roughly equal to the sum of the quantities of eubacteria and archaea detected by the EUB338 and ARCH915 probes, respectively. Similarly, the sum of the individual archaeal orders detected by the order-specific probes was largely similar to that identified by the ARCH915 probe. In general, the number of microbes in PM (10 9 cells/g) was far higher than those in ZP (10 7 cells/g) or HS (10 7 cells/ml). The biomass of microbes varied with the age of pits. In PM, with increasing pit age, microbial biomass first decreased, and then increased, which was similar to the trend seen in ZP. However, in HS, the microbial biomass first increased and then decreased. Furthermore, results showed that eubacterial and archaeal biomasses in the three phases exhibited similar changes. Hydrogenotrophic methanogenic archaea were dominant in all three phases. In PM, the proportion of hydrogenotrophic methanogenic archaea to total archaea was virtually unchanged with pit age (around 65%). However, this proportion increased with pit age in Hexadecane-2,6,10,14-tetramethyl and hexadecane-2,6,11,15-tetramethyl were archaeal PLELs. The concentration of each composite sample was determined by an internal standard (19:0). Error bars indicate standard deviations (n = 3). Different letters represent significant difference (twoway ANOVA with Duncan's test, p < 0.05). The units of the PLFAs and PLELs in pit mud (PM), huangshui (HS), and zaopei (ZP) are nmol/g, nmol/g, and nmol/ml, respectively. HS (82%-92%), whereas it first increased and then decreased in ZP (59%-92%-47%).
Quantitative Analysis of Specific Microbial Groups Based on Phospho (Polar) Lipid Detection
Microbial biomass was assessed based on PLFA concentrations in various samples. As shown in Fig. 2A , a total of 17 types of PLFAs were identified. The concentration of total PLFAs in PM and ZP were higher than that in HS. In the PM and HS samples, the concentrations of total PLFAs initially increased with pit age, and then decreased when the pit was used uninterruptedly for 20 years. However, in ZP, the change in total PLFAs exhibited the opposite trend (Fig. 2B) . As shown in Table 1 , changes in the contents of microbes such as fungi, gram-negative (G-) bacteria, aerobes (Ae), and anaerobes (An) were similar to changes in total PLFA (in PM and HS). The content of gram-positive (G+) bacteria increased with pit age in ZP, whereas the biomasses of G-bacteria and An in 5-ZP were lower than in new ZP or 20-ZP. The dominant bacteria in the PM and HS samples were An, but the most dominant bacteria in ZP were Ae. This result confirms that the physicochemical properties of the three phases exert a considerable effect on microbial community structure. Additionally, a change in the ratio of cyclopropyl phospholipid fatty acid to precursors of cyclopropyl phospholipid fatty acid (Cy/Pre) was notable, indicating that the effect of stress on the microbial community from the addition of daqu was significant [9] . The G + /G-ratio in ZP and the An/Ae ratio in PM increased with pit age. However, B/F (bacteria to fungi) and G+/G-ratios were highest in 5-PM, and An/Ae and B/F ratios were lowest in 5-ZP and 5-HS compared with those of corresponding samples of each phase in the other two pits.
In general, i15:0, ib15:0, i20:0, i25:0, i40:0, and the cyclized derivatives of i40:0 (-1cy, -2cy, and 3cy) were used as specific archaeal biomarkers [23, 24] . However, i15:0 was only detected in the culture of a few strains according to previous reports [25] . Euryarchaeota synthesize archaeol or dibiphytanyl glycerol tetraether, or both, but methanogenic Euryarchaeota apparently do not synthesize the latter [26] . Hexadecane-2,6,10,14-tetramethyl and hexadecane-2,6,11,15-tetramethyl were degradation products of archaeol and caldarchaeol, and are considered universal core lipids in archaeal membrane [24] . Thus, only hexadecane-2,6,10,14-tetramethyl and hexadecane-2,6,11,15-tetramethyl were used to estimate archaeal content in this study, although eight PLELs were detected. These two PLELs were detected from all samples (Fig. 2C) . The PLEL results showed that the number of archaea was higher in PM than in ZP or HS. Analysis of the numbers of archaea in samples from pits of different ages suggested that the quantity of archaea in 20-PM was the highest, and those in the other two aged PM were more similar to each other. However, the archaeal biomass in ZP and HS of the 5-year aged pit was higher than that in new and 20-year aged pits. In addition, the proportion of hexadecane-2,6,10,14-tetramethyl increased with pit age, and the proportion of hexadecane-2,6,11,15- Table 1 . Abundance and ratios a of each group of microorganisms in samples represented by specific phospholipid fatty acid (PLFAs) concentration. Gram-positive bacteria to gram negative bacteria (G+/G-). The unit of the microbial content in pit mud (PM), huangshui (HS), and zaopei (ZP) is nmol/g, nmol/g and nmol/ml, respectively.
tetramethyl decreased with pit age for samples of each type.
Characteristics of Community Diversity Based on PCR-DGGE Analysis DGGE profiles of the three domains of microbes are shown in Figs. 3A to 3C, respectively. Based on these profiles, diversity indices were determined ( Table 2) . Analysis of the eubacterial DGGE profile showed that D in PM and HS as well as S and H in ZP decreased with pit age. At the same time, S and H increased with pit age in the PM and HS samples. For the archaea, the results indicated that the D increased in HS, while J in PM, H and S in ZP, and S in HS decreased with increasing age. Analysis of fungal DGGE profiles showed that more genera were detected in the older pit samples. The D of fungi in HS decreased, while the other indices for fungi in samples of different phases varied with pit age.
Figs. 3D, 3E, and 3F show dendrograms based on the percentage similarity of each profile for eubacteria, archaea, and fungi. For eubacteria, 20-PM was divided into a single cluster. New ZP was divided into a subcluster of the other cluster, and other samples were grouped into the other subcluster, which was divided into three groups; one involved 5-PM, the other two included 5-ZP, 20-ZP, new PM, and HS of the three aged pits. For archaea, the communities in the various samples were divided into two clusters; one cluster included new ZP and 20-ZP, and the other samples were grouped into a separate cluster that was further divided into two subclusters. New HS was singleton, and the other subcluster included two groups, with the PM samples in one group, and 5-ZP, 5-HS, and 20-HS in the other group. For fungi, the flora in various samples were divided into two main clusters. Similarly to the archaea, 20-HS was divided into a single cluster, whereas other samples shared two subclusters derived from the other cluster. 5-HS was a singleton, and 5-PM was also a singleton in the other subcluster. PM, ZP, and HS from the new pit as well as 5-ZP belonged to the other group.
In order to investigate the microbial community structure in the pits, representative bands from the PCR-DGGE were carefully excised, recovered, and sequenced, and the results are shown in Table S2 . The eubacterial DGGE pattern of the 16S rDNA V3 regional gene fragment amplicons showed that the numbers of bands detected in each of the three phases were different and varied with pit age. All eubacterial 16S rRNA sequences fell into two phyla, comprising nine genera that were affiliated with seven orders in three classes (Bacilli, Clostridia, and β-Proteobacteria). Of these bacteria, Lactobacillus, Clostridium, and Sedimentibacter were detected in all samples. In the PM samples, the dominant eubacteria were from five genera, including Eubacterium, uncultured bacterium, and the three genera described above. The RIs of Eubacterium, Sedimentibacter, and Lactobacillus decreased with pit age, and RIs for the genus Clostridium in 20-PM were significantly enhanced compared with new PM and 5-PM (Fig. 4) . Four dominant eubacterial genera were detected in the ZP samples; Lactobacillus, Clostridium, Sedimentibacter, and uncultured bacterium, and the RIs of Sedimentibacter increased with pit age. Similarly, the RIs of Acetobacter increased with pit age, but that of Clostridium decreased. The number of genera detected in the HS samples increased with pit age. Only four genera were detected in new HS, whereas five genera were detected in 5-HS, and six genera were detected in the 20-HS sample. In addition, the RI of Lactobacillus was lower and those of Sedimentibacter and Clostridium were higher in 5-HS and 20-HS than that in new HS.
Eighteen representative bands from the archaeal PCR-DGGE were sequenced and the results showed that a total of six genera were detected. Of these, three genera were detected in all samples; namely, Methanobrevibacter, Methanocorpusculum, and Methanoculleus. Methanosarcina was not detected in 5-PM, 20-PM, or new ZP, and Methanobacterium was not detected in new PM or 20-PM. The RIs of Methanobrevibacter increased with pit age in PM, while the RIs of Methanocorpusculum increased and that of Methanoculleus decreased in 5-PM compared with new PM. In ZP, Methanobacterium first decreased and then increased, Methanobrevibacter and Methanocorpusculum first increased and then decreased, and Methanoculleus increased with pit age. In HS, the RIs of Methanocorpusculum decreased and that of Methanoculleus increased with pit age, but the RIs of the other three genera were relatively unchanged over time.
Fungal PCR-DGGE results showed that 18 genera affiliated with three orders included in Ascomycota and Basidomycota were detected. Trichosporon (band 11) was detected in HS samples. Saccharomycopsis and Galactomyces were detected in all samples, and their RIs in samples from the three phases notably decreased with pit age. Only Saccharomycopsis, Pichia, and Galactomyces were detected in new PM; however, 11 and 9 fungal genera were examined in 5-PM and 20-PM, respectively. Of these fungi, eight genera were detected in both 5-PM and 20-PM, although members of the Saccharomycetaceae were detected only in 20-PM, while Issatchenkia and Wickerhamomyces were detected only in 5-PM. The number of fungi detected in ZP increased with pit age. Six fungal genera were detected in ZP sampled from the three different aged pits, with Saccharomycetaceae and Candida being dominant. Pichia and Hyphopichia were identified only in new ZP, while three other genera were found only in 20-ZP. Furthermore, Zygosaccharomyces was found in both new ZP and 5-ZP, and Saccharomyces and Cyberlindnera were detected in 5-ZP and 20-ZP. Eight genera were detected in HS from the three pits, with Magnusiomyces and Aspergillus found only in new HS and 20-HS, respectively. Cladosporium was found in new and 5-HS, and Issatchenkia, Pichia, and Trichosporon were detected in 5-HS and 20-HS.
Discussion
In the present study, four culture-independent approaches were used to explore differences in the interphase microbial community structure and accompanying changes with pit age. The results suggested that differences in interphase microbial community diversity and their evolution were caused by stress induced by various metabolic regulation parameters and interphase microbial shifts. Xie et al. [27] found that changes in environmental conditions, particularly temperature shock, directly influenced microbial community, and temperature plays a vital role in biodegradation and the microbial diversity in the wastewater treatment system. In fact, the liquor fermentation pit can be considered an isolated system during the fermentation process because the top is covered with pit mud to separate it from the surrounding environment. Therefore, microbial community diversity among interphases affected each other by the community constituents. The new pit was a cellar in which a batch of fermentations were performed just after construction with artificial pit mud. The eubacterial genera detected in new PM were similar to the results reported in our previous study [22] . The eubacteria detected in new PM also appeared in the corresponding ZP samples, with the exception of Bacillus, which was detected in daqu [28] . In addition, some eubacteria identified in daqu [29] such as Staphylococcus sp., Weissella sp., and Pseudomonas sp. were not detected in ZP. Thermoanaerobacterium, Sphingomonas, and Thermacetogenium were detected in PM [9, 15] , although the contribution of these genera to the manufacturing process of Luzhou-flavored liquor still needs to be explored. However, their unique roles in other fields have attracted wide attention. For example, some species such as Thermacetogenium and Thermonanerobacterium have been used to degrade sugars and lignocellulosic biomass for hydrogen production coupled with ethanol production [30] [31] [32] . The genus Sphingomonas comprises primarily soil inhabitants that have the ability to degrade polycyclic aromatic hydrocarbon [33] and to fix nitrogen [34] . Thermacetogenium and Thermoanaerobacterium, strict anaerobes, could only be detected in PM of the pits that were used uninterruptedly. Their physiology may explain why they were not detected in new PM, since it was exposed to the environment for some time after construction. Furthermore, they could be transferred to fermented grains easily during the fermentation process, explaining why these genera were detected in ZP samples. However, they were not found in HS, perhaps because their numbers were low or their DNA was acid-hydrolyzed during the process, as the pH of HS was lower than that of PM and ZP. It was interesting that the RIs of these two genera reached peak values in 5-PM. Acetobacter was detected in the corresponding fermented grains. The propagation of uncultured Thermacetogenium was perhaps promoted by acetic acid from Acetobacter metabolites, as some species of the genus such as T. phaeum are syntrophic acetate-oxidizing bacteria [35] . Furthermore, these genera were probably less likely to compete for acetate than the acetoclastic methanogens that converted acetate directly into CH 4 and CO 2 [36] . The genus Clostridium formed a symbiotic relationship with methanogenic archaea [37] . Moreover, a synergistic relationship, interspecies electron transfer between Clostridia and methanogenic archaea, and anaerobic stress were also important factors that might have resulted in the increase in abundance of Clostridium with pit age [3] . Lactobacillaceae, facultative anaerobes, were inoculated into ZP along with daqu. Daqu was an essential fermentation starter dominated by Lactobacillaceae [28] , which was added to ZP during Chinese Luzhou-flavored liquor manufacturing at a proportion of 2% to 3% (w/w). Fresh ZP was a suitable niche for the growth of Lactobacillaceae, as it contained rich nutrient compositions, including sugar, protein, and amino acids, as well as appropriate oxygen level when filled into the pit. In addition, lactic acid, the primary metabolic product of Lactobacillus, was unfavorable for hydrogen production, so it suppressed the growth of methanogenic archaea in ZP. As one of the dominant eubacteria, Lactobacillus was inoculated into fresh ZP along with daqu, which were added periodically into each batch. Therefore, the abundance of Lactobacillus increased, and that of Clostridium decreased with increasing pit age in ZP. According to the sequencing results, most of the eubacteria, such as Lactobacillus and Clostridium, were G+ bacteria. The corresponding RIs of these bacteria were also relatively high, suggesting that the results obtained by PLFA revealed features of specific groups of microbes and their shifts in prevalence with pit age. FISH is a cytogenetic technique and quantifies live cells. Low or missing signals in FISH analysis might be caused by slow-growing or starving cells when mono-labeled oligonucleotide probes are used [38] . PLFA/PLEL analysis quantifies living cells based on the contents of specific microbial biomarkers in the cell membrane; however, these constituents might be hydrolyzed several weeks after cells died [39, 40] . Therefore, to eliminate the drawbacks of each method, FISH and PLEL were used together to quantify the archaeal biomass in samples. Certainly, differences seen in quantities and their shifts with pit age by using the two approaches were inevitable. Since the quantities obtained from the ARCH915 probe included both methanogenic and nonmethanogenic archaea [41] , while the sum of the quantities estimated by the three individual order probes (MB311, MG1200b, and MSMX860) involved only methanogenic archaea, these two results were also not identical. Although four orders of methanogenic archaea were detected by FISH in the three phases, only three of these orders were identified by PCR-DGGE, which was consistent with a previous report [15] . In fact, the optimal growth pH for most genera of Methanococcales ranged from pH 6 to 8 [42] , but the pH of PM and ZP ranged from 3.5 to 5.0, and the pH of HS was even lower [9, 15] . Therefore, it was difficult for Methanococcales to survive in such an extreme environment. The reasons for a complete mismatch of the MC1109 probe with target sequences are complex and include the limited 16S rRNA gene sequence database and unsuitable hybridization conditions. MC1109 was designed to target all Methanococcales based on only a few sequences from pure cultures, as well as cloning studies of microbes in the order Methanococcales [43] . Therefore, the unsuitability of the use of MC1109 probe in a complex environment was confirmed via PCR-DGGE in this study. The optimum pH for acetotrophic methanogens was between 6.6 and 7.3, and the titration acidity was higher than 1.0 mmol/10 g (pH 1.00~3.50, 1.0 mmol/10 g) in the niche. Because the low pH strongly inhibited acetotrophic methanogens, hydrogenotrophic methanogens were dominant in the pit. In addition, only Methanosarcina was detected, as Methanosaetaceae were potentially inhibited by high levels of toxic agents, such as NH 4 + -N or volatile fatty acids [44] . From these results, we confirmed that the effects of niches and technological parameters on microbial community structure was significant. The texture and physicochemical properties of PM differed from those of ZP and HS, which contained humic acid that had a buffering capacity, and inhibited or stimulated some microbes [45] . Furthermore, the differences among the interphase samples indicated that transfer of microbes from PM to ZP was slow, but from ZP to HS or from PM to HS was more rapid.
In conclusion, the microbial community structure in the three phases (PM, ZP, and HS) of Luzhou-flavored liquor manufacturing pits and changes in community with pit age were revealed for the first time by combining PCR-DGGE, PLFA, PLEL, and FISH analyses. The results suggested that a special microbial community structure evolved with uninterrupted use of the pits. In this study, we found that the addition of daqu and other metabolic regulation parameters greatly affected the evolution of the microbial community in the three phases. In addition, the interactions between microorganisms, especially between eubacteria and methanogens, played a key role in the formation of the niches that are conducive to liquor fermentation. The results also showed that hydrogenotrophic methanogenic archaea were dominant in all three phases, and that the proportion of hydrogenotrophic methanogenic archaea to total archaea was virtually unchanged with increasing pit age in PM but increased in HS, while first increased and then decreased in ZP. Furthermore, the unsuitability of the MC1109 probe when used in a complex environment was revealed in this study.
